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Background
Malignant pleural mesothelioma (MPM) is a challenging disease regarding diagnosis and treatment; early diagnosis is important. MPM develops after a long latency period of asbestos exposure. Objectives To study the behavior and characteristics of MPM in Cairo and Fayoum University Hospitals. Patients and methods A total of 90 patients with MPM were examined from December 2015 to May 2017 and were subjected to history taking, clinical and radiological assessment, biopsy of the pleura for histopathological assessment, and immunohistochemical staining whenever needed. Results Mean age of the studied patients was 60.57, and males were 65.6%. Occupational asbestos exposure was present in 13.3%. Radiological pleural affection was in the form of pleural effusion (93.3%), pleural thickening (52.2%), pleural nodules (11%), and pleural plaques (1.1%). Overall, 80% of the cases were diagnosed by thoracoscopic pleural biopsy, 18.9% by ultrasound-guided biopsy, and 1.1% by surgery. The main histopathological subtype was epithelial mesothelioma (86.7%). Immunohistochemical marker staining was done for 25 cases. Calretinin was positive in 83.3%, cytokeratin (CK7) was positive in 88.9%, CK5/6 was positive in 62.5%, and D2-40 was positive in 50% of cases. Conclusion MPM had a male predominance (65.6%) and occupational hazards of exposure to asbestos. Thoracoscopic pleural biopsy is a good option for diagnosis. The main histopathological subtype was epithelial mesothelioma. Immunohistochemical Introduction Malignant mesothelioma is the commonest primary pleural malignancy with a dismal prognosis [1] . The pleura is the most common site for mesothelioma [2] . Most patients with mesothelioma were workers in jobs such as mining, where they were exposed to and inhaled asbestos dust and fibers in different ways [3] . Mesothelioma includes four major histologic subtypes: epithelial, sarcomatous, desmoplastic, and biphasic [4] .
The most common clinical features of pleural mesothelioma, which are caused by the presence of extensive intrathoracic disease, are nonpleuritic chest pain (60-70%), dyspnea (25%), and cough (20%). Some patients are asymptomatic at diagnosis, with incidental findings of unilateral pleural effusion on routine chest radiograph [1] .
Patients' median survival is between 8 and 14 months and varies depending on stage and histologic subtype. Patients usually die owing to local tumor extension, respiratory failure or cardiac arrhythmias, and heart failure due to invasion of the heart or pericardium by the tumor [5] .
Patients and methods
This study was performed on 90 patients with malignant pleural mesothelioma (MPM) in Cairo and Fayoum University Hospitals from December 2015 to May 2017. The following was done for all
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. study patients: full history, including residence and occupation; detailed clinical examination; radiological assessment with computed tomographic chest; transthoracic ultrasound was done whenever indicated; and thoracentesis for chemical and cytological analysis of pleural fluid. A written informed consent was obtained from all patients. The Human Study Committees of Cairo and Fayoum University Hospitals have approved this study.
Pleural biopsy was done by either medical thoracoscopy or sonar-guided closed pleural biopsy. Open thoracotomy was performed if the previous modalities failed to take a pleural biopsy.
Medical thoracoscopy
It was done in 80% of cases to reach diagnosis. Karl-Storz rigid thoracoscope with a cold light source was used in all cases. All cases were performed using local anesthesia (lidocaine 2%). The patient is positioned in lateral decubitus position, with normal lung in the dependent position. Puncture was usually done in mid-axillary zone between fourth and sixth intercostal spaces depending on the site of dullness and guided by computed tomography chest. Singleentry technique for thoracoscopy was used in all cases. Careful aspiration of pleural fluid and inspection of the pleural space was done using direct-viewing telescope. Collection of multiple biopsy samples was done under direct vision.
Sonar-guided pleural biopsy
It was done in 18.9% of cases using 10-ml lidocaine 2% for local anesthesia of the skin, subcutaneous tissue, muscles, periosteum, and parietal pleura. The patient's chest was screened using the low-frequency probe to detect pleural effusion or pleural thickening, masses, or nodules. The biopsies were obtained using tru-cut needle guided by ultrasound.
Histopathological examination of pleural biopsies
The obtained pleural samples were processed, fixed in 10% buffered formalin, dehydrated, cleared, and embedded in paraffin wax. Two sections (5 μm thick) were prepared from each tissue paraffin block. One was stained by hematoxylin and eosin staining for routine histopathologic analysis and the other sections was on charged slides.
Immunohistochemical staining
It was done in some cases to confirm the diagnosis. The most common markers requested are calretinin, cytokeratin (CK7), CK5/6, and D2-40. Tissue sections (4 μm thick) were air dried overnight at 37°C, deparaffinized in xylene, and rehydrated in a descending ethanol series. Endogenous peroxidase activity was blocked by immersion for 10 min in 0.3% hydrogen peroxide in methanol followed by a single wash in phosphate-buffered saline, pH 7.4. Sections were incubated with monoclonal antibodies of calretinin, CK7, CK5/6, or D2-40. The slides were then counterstained with Mayer hematoxylin, dehydrated, and mounted.
Statistical analysis
Data were analyzed using the statistical package for the social sciences, version 24. Data were summarized using mean, SD, median, minimum, and maximum in quantitative data and using frequency (count) and relative frequency (percentage) for categorical data. Comparisons between quantitative variables were done using the nonparametric Kruskal-Wallis and Mann-Whitney tests [6] . For comparing categorical data, χ 2 test was performed. Exact test was used instead when the expected frequency is less than 5 [7] . Correlations between quantitative variables were done using Spearman correlation coefficient [8] . P values less than 0.05 were considered as statistically significant.
Results
Demographic data of the study patients are presented in (Table 1) . It revealed male predominance (65.6%), smoking history was seen in 48.9% of patients, and occupational asbestos exposure was seen in 13.3% of patients only. Regarding residence in asbestos-polluted areas, 25.6% and 8.9% of patients live in Helwan and Shubra, respectively. Mean±SD age of the study patients was 60.57±12.05 years. Radiological findings among the study patients and modality of pleural biopsy for histopathological diagnosis are shown in (Table 2) .
Regarding the pleural fluid chemical analysis, mean±SD of lactate dehydrogenase value was 791.98±529.29, mean±SD of protein was 4.45±69, mean±SD of glucose was 89.38±51.13, and mean±SD of adenosine deaminase was 46.5±17.02. Pleural fluid cytology revealed that 65.6% of cases had lymphocytic effusion, 20% had atypical mesothelial cells, and 7.8% only of cases were positive for malignant cells.
Among the study patients, 18.9% of patients were diagnosed using ultrasound-guided pleural biopsy, 80% were diagnosed using thoracoscopic pleural biopsy, and 1.1% by surgery (decortication) after failure of thoracoscopic pleural biopsy owing to multiloculated pleural fluid ( Table 2 ). The complications detected after thoracoscopy included wound infection (9.7%), subcutaneous emphysema (11.1%), persistent air leak (8.3%), and failed pleurodesis (13.9%).
The histopathological subtypes of mesothelioma included predominantly the epithelial subtype (78 cases, 86.7%) followed by biphasic subtype (11 cases, 12.2%) and then the sarcomatoid one (one case, 1.1%) ( Figure 1 ).
Immunohistochemical staining was done in 25 cases (22 epithelial and three biphasic) to confirm the diagnosis. Calretinin was positive in 20 (83.3%) of 24 cases, CK7 was positive in eight (88.9%) out of 9 cases, CK5/6 was in five (62.5%) out of eight cases, and D2-40 was positive in four (50%) of eight patients ( Figure 2 ). There was a positive correlation between histopathological subtypes of mesothelioma and immunohistochemical markers, but it did not reach statistically significant level ( Figure 3 ).
Regarding the relation between calretinin and other parameters of the study, it showed a statistically significant positive correlation with pleural fluid protein (P=0.028) ( Figure 4 ) and another immunohistochemical marker, which is CK5/6 (P=0.016); otherwise, there were no statically significant correlations. CK7 did not show any significant correlation with other parameters of the study.
Discussion
Mesothelioma is considered a malignant neoplasm of serosal mesothelial surfaces. Primary location of mesothelioma is pleura, peritoneum, pericardium, and tunica vaginalis. The pleura is the most common anatomical site for mesothelioma [9] . Mesothelioma incidence is increasing in Egypt. Epidemiological data of malignant mesothelioma revealed that 635 patients presented to the National Cancer Institute, Cairo University, and Abbassia Chest Hospital over 4 years in the third Millennium, and this was more than four times the number obtained in the previous 11 years at the National Cancer Institute. Annual rate of death in Egypt is 714 cases per year [10] .
In Egypt, in the year 2004, there were 14 asbestos factories, employing thousands of workers according to data obtained from the information network of the General Organization for Industrialization. The high incidence of mesothelioma in areas surrounding these factories [11] can be explained by the fact that these factories affect an area of ∼5-7 km in radius.
Asbestos was banned in Egypt since 2005; however, it was still being imported for manufacturing purposes. Kazan-Allen [11] mentioned that asbestos is still being used in Egypt in the production of insulation boards, asbestos-cement water pipes, and fire-resistant clothing. The current situation of asbestos use in Egypt was described by Abdul Salam [12] as 'anarchy' with people still using asbestos despite the fact that it can no longer be used. Regarding the epidemiology of MPM in Egypt, most patients were living in heavily polluted areas where asbestos factories are presents highlighting the important role of residential exposure. On the contrary, occupational exposure to asbestos played a minor role in the epidemiology of MPM in Egypt.
Gaafar and Ally Eldin [10] in their study highlighted the high incidence of mesothelioma among people living in communities 5-7 km from asbestos factories. In more than 80% of the cases of malignant mesothelioma treated in the National Cancer Institute in Cairo between 1989 and 1999, there was a reported neighborhood exposure to asbestos. According to this study, occupational exposure in Egypt is not a major cause of MPM as compared with pollution and environmental exposure to asbestos.
Kyeong et al. [16] found in their study on MPM cases during the past 20 years on an average annual Korean population of 48 460 000 that mesothelioma occurred in more men (946 cases) than women (534 cases). Moreover, they found that the incidence was highest in the high age groups for both men and women. Kristinn et al. [17] studied the incidence of mesothelioma by nationwide Icelandic cancer registry. Overall, 79% of the cases were men. The incidence of mesothelioma increased steadily from 1965 to 2014, and it reached 21.4 per million among men and 5.6 among women. The incidence and mortality of mesothelioma increased, despite the ban on asbestos use from 1983, which is mostly owing Bar chart showing relation between immunohistochemical markers and histopathological subtypes of malignant pleural mesothelioma.
Figure 4
Relation between calretinin and protein level in the pleural fluid.
to the long latency time for malignant mesothelioma. Moreover, there is continuing risk of asbestos exposure as many buildings, equipment, and structures contain asbestos. Takeshi et al. [18] studied 66 patients with MPM in Japan, with mean age was 60.6 years; males were 56 (84.8%) and females were 10 (15.2%).
Desoubeaux et al. [19] studied 80 malignant mesothelioma cases diagnosed in Basse-Normandie in France between September 1995 and August 1999, with annual incidence rates of 1.1/100 000 in men and 0.23/100 000 in women. Asbestos exposure was present in 63 (78.8%) cases. These studies are compatible with our study regarding male predominance and mean age.
Regarding radiological pleural affection in our study, 61 (67.7%) cases had right-sided pleural affection, 27 (30.3%) cases had left-sided affection, and two (2.2%) had bilateral affection. A total of 84 (93.3%) cases had pleural effusion, 47 (52.2%) cases had pleural thickening, 10 (11%) cases had pleural nodules, and one (1.1%) case had pleural plaques. Other associated radiological affection included five cases with lung nodules, nine cases with mediastinal lymph nodes, one case with pericardial effusion, two cases with rib invasion, and three cases with hepatic focal lesions. Akl et al. [15] stated that pleural thickening with typical finger-like projections and pleural effusion which was unilateral and massive was present in 102 (61.8%) cases of MPM. Fifty-four (32.8%) cases showed pleural nodules. A large pleural mass with extrapleural extension to the chest wall was present in six (3.6%) cases. Bilateral hilar lymphadenopathy with a large pleural mass is present in two (1.2%) cases. This study is compatible with our study regarding radiological pleural affection (effusion-thickeningnodules) and other associated radiological findings (mediastinal lymph nodes-pericardial effusion-rib invasion). Joseph et al. [20] studied 123 cases with MPM. The primary site was the right pleura in 71 (58%) patients and left pleura in 52 (42%). Pleural effusion was present in 64 patients, 27 cases had mediastinal lymph nodes, eight cases had pericardial affection, and 14 cases had chest wall involvement. This study also is compatible with our study regarding the main site of affection (the right side) and other radiological affection.
Regarding pleural fluid cytology in our study, 59 (65.6%) cases had lymphocytic effusion, 18 (20%) cases had atypical mesothelial cells, and seven (7.8%) cases were positive for malignant cells. Case [21] studied 860 cases with MPM in the United Kingdom, where 61 cases were diagnosed using cytology only, whereas 799 cases were diagnosed by biopsy of the tumor. In the study by Akl et al. [15] , one case is diagnosed by thoracentesis. Other cytology results were not available. In the study by Joseph et al. [20] , pleural fluid analysis showed malignant cells in 22 patients.
The histopathological subtype of mesothelioma in our study included 78 (86.7%) cases with epithelial subtype, one (1.1%) case with sarcomatoid subtype, and 11 (12.2%) cases with biphasic subtype. In the study by Khaled et al. [22] , 92.6% of cases had epithelioid subtype, 3.7% of cases had sarcomatoid subtype, and 3.7% of cases had biphasic subtype. Again the study by Case [21] showed that the most prominent subtype was epithelioid mesothelioma (64%) followed by biphasic subtype (10%) and then the sarcomatoid subtype, which is present in 7% of the study cases, and 12% displayed no specific subtype. In the study by Abd El Moniem et al. [13] , 84% of cases had epithelial subtype and 16% of cases had biphasic subtype with no sarcomatoid subtype. In the study by Akl et al. [15] , epithelioid mesothelioma was the most common histopathological subtype, which is diagnosed in 114 (69.1%) cases, followed by biphasic subtype, which is diagnosed in 43 (26.1%), and lastly sarcomatoid subtype, which is diagnosed in eight (4.8%) cases. In the study by Takeshi et al. [18] , epithelioid subtype was present in 72.7% of cases, biphasic subtype was present in 21.2%, and sarcomatoid subtype in 6.1% of study cases. These studies are compatible with our study regarding the modality of diagnosis (mainly thoracoscopy) and the main histopathological subtype (epithelioid).On the contrary, Abutaily et al.
[23] studied 41 cases with MPM, of which 11 cases were epithelioid subtype, seven were sarcomatoid subtype, and 23 had mixed subtype. Moreover, in the study by Joseph et al. [20] , pathological subtyping was done in 63 of the patients. Thirty-one cases had sarcomatoid subtype, 28 cases had epithelioid subtype, and four cases had mixed subtype. In contrast to our study, Abutaily et al.
[23] revealed that the main subtype was mixed form and Joseph et al. [20] revealed that the main subtype was the sarcomatoid form.
Immunohistochemical staining was done in 25 patients of the study to confirm the diagnosis. Of the 25 patients, 22 were epithelial subtype and three cases were biphasic subtype. Calretinin was requested for 24 cases, from which 20 (83.3%) cases were positive (17 in epithelioid subtype and three in biphasic subtype). CK7 was requested for nine cases, of which eight (88.9%) cases were positive (seven in epithelioid subtype and one in biphasic subtype). CK5/6 was requested for eight cases, of which five (62.5%) cases were positive (in epithelioid subtype only), and D2-40 was requested for eight cases, of which four (50%) cases were positive (in epithelioid subtype only). In the study by Khaled et al. [22] , calretinin was positive in 100% of cases, and in the study by Case et al. [21] , calretinin (95%) and CK5/6 or CK7 alone (84%) were most commonly detected. Again, calretinin and CK5/6 or CK7 alone were most positive in 92% of cases. In the study by Takeshi et al. [18] , regarding immunohistochemical evaluation of epithelioid MPM, there was a strong expression of calretinin and D2-40 antigens (84.8 and 87.9%, respectively). Moreover, in the study by Abutaily et al.
[23], positive staining with polyclonal anti-calretinin was present in 80% of the mesothelioma cases. CK5/6 expression was present in 63% of the mesothelioma cases, and 78% of cases expressed N-cadherin. Thrombomodulin was expressed in 53% of the cases. The studies by Case et al. [21] , Takeshi et al. [18] , and Abutaily et al.
[23] were compatible with our study regarding the most common positive immunohistochemical markers (calretinin, CK5/6, CK7, and D2-40). Thrombomodulin and N-cadherin mentioned in Abutaily et al. [23] were not assessed in our study.
Conclusion
In conclusion, MPM had a male predominance (65.6%). Occupational exposure to asbestos was present in 13.3% of cases. The pleural affection was mainly on right side (67.7%) in the form of pleural effusion, pleural thickening, pleural nodules, and pleural plaques. Thoracoscopic pleural biopsy was done for 80% of cases. The main histopathological subtype was epithelial mesothelioma (86.7%). Immunohistochemical markers (calretinin, CK7, CK5/6, and D2-40) were done in some cases to confirm the diagnosis and revealed that calretinin was positive in 83.3% of cases and CK7 was positive in 88.9% of cases.
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